In this paper, empirical models are proposed using multiple non linear regressions technique to predict the influence on the Young's modulus and the tensile strength of the natural fiber reinforced plastic composites (NFRPC). Maleic Anhydride grafted polypropylene (MAPP) has been a proven coupling agent (CA) used to improve the interfacial bonding between the fibers and the plastics material. It is important to include the factor of coupling agent, when making predictions the properties of the composites through the models. For the development of the model, data was collected from various research journals presented in literature. Non linear regression analysis was performed to obtain the empirical model using polymath scientific software. The results were found to be within the acceptable range.
Introduction
The demand of wood plastic composites is rapidly growing in many areas because of the benefits it offers. Applications are mostly found in the area of automobile industry, construction industry, sports gear, and are continuously growing [1] , [2] . Wood plastic composites have become a popular choice among the available composites in the market as the consumer is more aware of global warming issues. NFRPC's are considered as partially degradable composites, as they are made of natural fibers which are renewable. NFRPC's can also be made successfully with recycled materials [3] . There is a big disadvantage of using natural filler reinforced composites. It is the low compatibility between the hydrophilic character of the polar bio-filler and hydrophobic character of the non-polar matrix polymer [4] .
The low compatibility and interfacial adhesion of such composites results into low mechanical and thermal properties of the final products [5] , [6] , [7] . Hence, it is important to study the ways to improve the interfacial adhesion between bio-fillers and matrix polymers to produce the composites for variety of applications in industrial materials. Scientist and researchers have been conducting experiments to explore more about the materials that can be good coupling agents. However, there is lacked of models, which can be used to predict the effect of coupling agents on the composite properties. In this paper data of previous researchers is taken as a base to develop a model which can predict some realistic results for the composite properties based on the effect of the MAPP coupling agent.
Background
Wood Plastic Composite (WPC) properties depend upon many factors such as strength of wood fibers, modulus of fibers, fiber length and diameter, fiber weight percent, fiber orientation [8] - [11] . However, studies made on composites suggest that coupling agent is also a crucial factor to obtain better composite properties. The term "Coupling" can be described as an important method of chemical modification, which helps to improve the interfacial adhesion between the two non compatible materials. The material which is used to improve the coupling is often called as a coupling agent. It acts as an intermediate material which has properties between those of the other two. Scientists have investigated with many materials, which are helpful to improve the compatibility between the two materials that are not compatible [12] .
In recent years, various materials are tested and studied to improve the interfacial adhesion of composites, by modifying the bio-filler surface, and suggested the use of Maleic Anhydride-Grafted Polypropylene (MAPP) as a coupling agent [4] . The use of MAPP, is found to be an effective compatibilizer (CA) for bio-filler and matrix at the interface, and is used as the most common material to improve interfacial adhesion. Thus, we see that coupling agent plays an important role in increasing the strength of the composites and should be considered by the researchers when modeling WPC.
In this paper, an effort is made to highlight the effect of the coupling agent and include this as one of the parameters used to model WPC properties. Polymath Scientific software is widely used for the purpose of empirical modeling. Empirical means information gathered by means of observation or experimentation. Empirical data are produced by an observation or experiment. The data is then observed and studied as well as analyzed to come up with the conclusions.
Proposed Approach
Initially, the data was first collected from the literature. In this work, the data is taken from composites, which are made up of Pine, Hemp, Jute and Abaca fibers reinforced plastics composites. The independent parameters considered for modeling are fiber weight percent, wood fiber modulus, wood fiber strength, fiber length, diameter, the plastic modulus and tensile strength and of the coupling agent by weight percent. The weight percent was considered from 10 to 60% Coupling Agent quantity is considered below 1%-6% of the composite weight of MAPP coupling age.
This study is also limited to short fiber composites where the matrix is Polypropylene. The reason to choose a multiple regression technique in the development of the model is because there are many independent parameters that affect the final composite properties. Forty two data points were selected for determination of each model. The aim was to propose a generalized dimensionless empirical model, independent parameters were kept in the form of ratios. Many models were generated using this technique, and the precision was compared. A report is generated by the Polymath software. Then the value of R 2 is checked. The best model is the one which gives the value of R 2 nearest to 1 and variance close to 0. Then those values of the variable are substituted in the proposed model in order to get the proper model.
The initial multiple nonlinear model assumption is given below: y=a*(x 1 )^b*(x 2 )^c*( 
A multiple nonlinear model with independent parameters as fiber weight, matrix weight percent, fiber length and diameter, coupling agent weight percent was proposed as shown above.
Where,
TSc/TSf is the ratio of tensile strength of composite to tensile strength of fiber. FL/FD is the ratio of fiber length to the fiber diameter. TSf/TSm is the ratio of tensile strength of fiber to tensile strength of the matrix. CA/FW is the ratio of coupling agent weight percent to fiber weight percent. CA/MW is the ratio of coupling agent weight and matrix weight.
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Results
The result of the research is presented in a form of the two empirical models which will predict the Young's modulus and the tensile strength of the natural fibers and polypropylene composites. This model is important because it can predict the composite strength based on the quantity of the coupling agent (MAPP) and is based on real experimental data. Regression parameters for both models are as shown in Table 1 and Table 2 . Validation of the model is performed to ensure the correctness of the model. The true error is found to be about (+, -) 20%, means that these models can predict values with approximately 80% correctness according to the polymath data analysis. The validation is made with the experimental data from the literature [13] . The results for validation of the tensile strength are presented in Figure, 
Conclusion
In this paper, multiple nonlinear empirical models for prediction of two important strength properties of the wood fibers reinforced composites were proposed, which can predict the effect of the coupling agent on the properties of the composite. Both models results agree with the experimental results. The empirical model shows the error of (+,-24%) in the predictions of tensile strength of the composite. The user can input all the required parameters to obtain the output. These models are suitable for the NFRPC's which are made from Pine, Jute, Hemp and Abaca short fibers and polypropylene are used as the matrix.
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